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Abstract

This paper presents analysis of microstrip line structures in which either the strip or
the ground plane or both are made of a high Tc superconductor. The effect of
implementation of a superconductor to the strip and the ground plane is explained with the
calculation of a conductor loss of the structure by the Phenomenological Loss Equivalence
Method(PEM). The theoretical values are compared with the experimental results from a
ring resonator which is made of a gold ground plane and a high Tc superconductor,

YBa2Cu307-x, strip.

Introduction

In this paper, we calculate and compare Q
values of the microstrip line structures in which either
the strip or the ground plane or both are a high Te
superconductor. The motivation for this study is to
provide the theoretical basis for the effective application
of a superconductor to the microstrip line as well as
other planar transmission lines. The analytical method
in this paper is based on the Phenomenological Loss
Equivalence Method (PEM) [1,2] and the introduction
of the superposition principle of the internal impedances
from the strip and the ground plane of the microstrip
line. By using this method, we calculate the Q value of
the ring resonator which has a superconducting strip
and a normal conducting ground and compare the
results with the experimental data. '

Analysis of Various Superconducting
Microstrip Line Structure

We analyze the various superconducting
microstrip line structures that have alternative
implementations of a superconductor and a normal
conductor into the strip or the ground plane as shown in
Fig.l. There are field penetrations cven inside of the
superconductor. These field penetrations contribute to
the internal impedance and cause the conductor loss in
the microstrip line structure as shown in Fig.2. The
internal impedances from strip conductor and the
ground plane are seperately calculated by PEM. Then,
the total internal impedance is obtained by using the
superposition of internal impedances. The internal
impedance of each case is obtained by considering the
cases where either strip or the ground plane is perfect.

When the ground plane is assumed to be perfect, the
field penetration occurs only in the strip conductor. In
this case, the geometric factor, say GI, of the
microstrip line is obtained from the magnetic field
penctration inside of the suip conductor. The
equivalent strip [1,2] is obtained from G1l. The internal
impedance of microstrip line under the assumption of a
perfect ground plane can be obtained as Zi1 =

G1-Zs1-coth(Zs1-01-A-Gl) where Zs], ol and A are
the surface impedance, the conductivity of the material
and the cross section (w-t) of the strip, respecively.
Next, we consider the case where the field penetration
occurs only in the ground plane. In this case, the
geometric factor, G2, is obtained from the field
penetration in the ground plane. The internal impedance
from the ground plane is obtained as Zj2 = G2:Zs2-coth

(Zs2-62-A-G2) where Zs2 and 02 are surface
impedance and conductivity of the ground, respectively.
Then, the total internal impedance is obtained by adding
Zi1 and Z;j2. We calculate the propagation constant of
the microstip line structure by adding this internal
impedance to the external impedance and by using the
transmission line model. Since our method is based on
the PEM, this can be applied to any field penetration
depth compared with the conductor thickness as
demonstrated in reference [1, 2].

Comparison Between Microstip Lines with
Various Superconductor Implementation

The conductor losses of each microstrip line in
Fig.] are calculated by applying the method explained
above. Then, we calculate Q values of each strip line



by additional consideration of substrate loss {3]. This
will give us insight to the effects of an application of
superconductor on microstrip line. The dimensions of
the structure are shown in Fig.3 (a). For the calculation,
we use the measured conductivity values of the
YBa2Cu307-x film obtained from the power
transmitted through the film and a two fluid model [4).
The calculated Q values of each structure at 35 GHz are
shown and compared in Fig.3. In this calculation, the
value of 5.8 x 10-4 is used for loss tangent. Since the
current is more concentrated on the strip, the
implementation of a superconductor in the strip gives
more influence on the loss as expected. The extent of
an effect of the implementation of a superconductor in
the microstrip line can be different for different
geometric structures of the microstrip line.

Next, we compare our calculated results with
the experimental results from the ring resonator
structure shown in Fig.4. This ring resonator has the
resonant frequency of 35.0 GHz The details of the
fabrication of this structure and the measurements are
presented elsewhere [S]. The strip of this ring
resonator is a thin film of YBa2Cu307.x deposited on
LaAl203 by a laser ablated technique. The ground
plane consists of Ti/ Au. A thin Ti layer is employed 1o
make the deposition of the gold on the substrate and its
effect on the structure is negligible because it is thin
compared with a gold layer. Fig.5 shows the
experimental Q values and the calculated Q values with
the variation of loss tangent of the substrate. The
calculated values of Q are higher than the experimental
results. There are several factors for this discrepancy
between the experimental and theoretical results. The
ring resonator was built with a YBapCu307.x film
different from the film on which the conductivity values
were measured. The YBa2Cu307.x film used in the
ring resonaltor has lower Tc and lower quality than the
one used in the conductivity measurement. Also, it is
more affected by the surface roughness because it is
patterned. Another factor can be the edge current effect
on the superconducting ring resonator. Also, since the
conductor loss from the gold and superconductor
decreases at the low temperature region, the substrate
loss becomes more dominent. However, the
information on the loss tangent of the substrate is not
available at low temperature region. As we can observe
in Fig.5, the Q values depend on the value of loss
tangent of the substrate used in the calculation. The
accurate characteristics of the substrate should be done
in order to make it meaningful to compare the theoretical
and experimental results.

Conclusion

In this paper, we presented a theoretical analysis
of the superconducting microstrip lines with the various
implementations of a superconductor and a normal
conductor into the strip or the ground plane of the
microstrip line. By using the method presented, we
calculated the Q values of a ring resonator with the thin
YBa2Cu307.x strip and the gold ground plane. This
theoretical results are compared and discussed with

experimental results of a ring resonator with the thin
YBa2Cu307.x strip and the gold ground plane. It was
found that the substrate loss becomes very critical at the
superconducting microstrip line.
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